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The stu d y of Heracleum collenchym a follows as a n a tu ra l consequence of th e previous s tu d y of sclerenchym a. T he cells are elongated w ith p ointed ends m uch like sclerenchym a cells, b u t are distinguished from these b y th eir ty p ical collenchym atous thickening, tjie early onset of thickening, an d th e heav y im pregnation w ith p ectin in th e a p p a re n t absence of lignin. The thickened wall consists of a series of lam ellae (com m only 4-7) ru n n in g com pletely ro u n d th e cell, a lte rn a te ly cellulose-rich pectin-poor an d cellulosepoor pectin-rich. T he innerm ost lay er of all is alm ost free of pectin.
The X -ra y d iagram indicates a n o rie n ta tio n of th e m olecular chains of cellulose ap p ro x im ately lo n gitudinal w ith a n an g u lar dispersion of some + 14°, an d th is is fully su p p o rted b y d eterm in atio n s of th e m ajo r ex tinction position. The rem arkable u n ifo rm ity of th e m .e.p. suggests th a t th e angular dispersion n o ted in th e X -ra y p h o to g rap h occurs am ong th e micelles in a wall an d n o t am ong th e cells in a bundle used, an d th e optical d iscontinuity observed in tran sv erse sections u n d er th e polarizing m icroscope is explained on these grounds. I t is suggested th a t th e innerm ost wall layers are b rig h t in transverse section betw een crossed nicols because th e y consist of cellulose micelles w ith an angular dispersion g reater th a n th a t in layers deposited earlier. T he re m a rk a b ly c o n sta n t o rien tatio n th u s revealed in th e celluloserich layers suggests th a t eith er th e co m paratively few cellulose chains in th e layers a lte rn a te to th e m suffice to im pose on subsequent layers th eir o rien ta tio n or, m ore p ro b ab ly , th a t th e re is in th e protoplasm ic surface an orienting m echanism itse lf affected b y elongation. The indications are th a t th e longitudinal o rie n ta tio n of th e chains in th e m a tu re wall, an d th e more perfect alig n m en t of micelles in th e earlier layers, are a consequence of th e enorm ous elongation w hich th e w all has undergone.
Swelling of th e w all in a v a rie ty of tre a tm e n ts is readily explained in term s of th e high p ectin c o n te n t of th e cen tral region of th e w all an d of th e g re a te r an g u lar dispersion of th e micelles in th e innerm ost layer.
Introduction
The present paper represents the third of a series of investigations on the structure of the walls of various types of plant cells. The two previous papers (Kundu and Preston 1940; Preston 1941) were concerned with the lignified fibres associated with the phloem, so that the data to be presented here, relating to a cell type characterized by its high pectin content and apparent absence of lignin, form a contrast with those in the fibre papers all the more interesting since these collenchyma cells, like the fibres, are elongated and thread-like with long tapering ends, and the cellulose com ponent of their walls consists of molecular chains oriented almost longi tudinally. The difference between the two cell types is thus largely attri buted to their different chemical composition and to their characteristic mode of wall thickening.
The collenchyma cells occur in the form of definite hypodermal strands* in the stem and leaf, particularly in the ribs of the flowering axis, separated from the epidermis by two, or very rarely three, layers of parenchyma cells. Each adult strand tends to be kidney-shaped in transverse section, and is sharply delimited from the surrounding ground parenchyma. Normally each strand is associated with an oil duct opposite the groove on its adaxial side, and with a trace bundle. The collenchyma is a compact tissue with intercellular spaces filled with pectin. Its cells are mostly very long, reaching lengths of some 2-5 mm. with extremely tapering ends terminated by a sharp solid tip ( figure 1 (g) ). This remarkable length, as well as the fusiform shape, makes the cells more equivalent to sclerenchyma than to collenchyma as far as appearance in longitudinal view is concerned; but the typical localized wall thickening (figure, 2, plate 8), the extensibility, the chemical composition, and the manner of deposition of the secondary wall, makes them typical collenchyma. The length and shape of adult cells vary moreover between wide limits. The longest are situated appar ently in the centre of the strand, which is the first part to differentiate from the meristem, and the shortest form the flanks added to the strand much later from cells in an advanced state of vacuolation.
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Each collenchyma cell normally passes through at least three stages before it becomes adult. These we have called the 'initial ' stage (figure 1 (a) (f) and ( b) ),the 'mother-cell' stage (figure 1 (c) and ( ) ) and the 'two-celled' stage (figure 1 (e) and (/)). The first cell divisions giving rise to collenchyma are always by longitudinal walls which may be in any plane, though predominantly periclinal; these are followed occasionally by transverse division. Such longitudinal divisions may occur a number of times, each daughter cell increasing in volume up to the next division, but it is not until the last division has been completed that any marked elongation begins. This marks the end of the 'initial' stage. The resulting mother cells may develop directly into an adult cell but more frequently, almost normally, they divide by obliquely transverse walls into two daughter cells each surrounded by a complete membrane held together by the wall of the parent cell.* This is the 'two-celled' stage. Further development consists solely of cell elongation and wall deposition, the breadth of the cell tending, if anything, to decrease slightly.
The characteristic thickening, which occurs fairly early in the elongation period, takes the form of a bar along the longitudinal wall at regions where more than two cells meet; the wall in transverse section becomes thickened irregularly. This is preceded, however, by the development of intercellular spaces in these regions which are filled with pectic substances, and this has apparently been mistaken for the first stage in thickening by some in vestigators (van Wisselingh 1882; Esau 1936) . The thickening proper com mences rather later than this and our investigations reveal that it takes the form of lamellae running completely round the cell, thicker at the corners.
In the following pages the fine structure of the collenchyma cells in their various stages of growth is studied under the polarizing microscope and, when possible, on the X-ray spectrometer. This part of the investigation is concerned solely with the cellulose component. The distribution of other substances is examined by staining methods and by treatment with various solvents, and their relation to the cellulose complex is examined by treat ment of cells, under a variety of conditions, with swelling agents.
A. The adult cell
(1)
The organization of the cellulose component of the wall On the basis of their development, we should expect the walls to have fundamentally a three-layered structure. We shall see later that the actual number of layers revealed by a variety of methods is considerably greater than three, but this should not be allowed to obscure this main principle. It is desirable to know whether these morphologically different layers show any differences in the fine structure of their cellulose component. In the adult cell it is difficult to identify the three layers, though it is possible to separate what is probably the inner thickening layer from the two outer layers, and to show that these latter layers do not differ materially from the inner layer in physical structure.
Under the polarizing microscope, the wall in transverse section is clearly made up of two layers. In this our observations differ from those of Anderson (1927) on similar tissues in Solanum He found collenchyma cells there to be highly birefringent in transverse section, much more so, in fact, than the surrounding parenchyma. In our material, on the contrary, the layer which is birefringent in transverse section is only feebly so, and appears much less bright than the parenchyma. This difference is undoubtedly connected with the great length of our cells. In addition to this, however, and perhaps of more importance, is the fact that only an inner layer of the wall is birefringent, the outer layer, of consider able extent, being either completely dark or at least of much lower order of birefringence (figure 2, plate 8). A study of longitudinal sections between crossed nicols reveals the fact that this outer layer is actually double. A narrow outermost band is also dark in longitudinal section, and is therefore isotropic or nearly so. This probably constitutes the middle lamella with perhaps those walls present at the two-celled stage. A central layer, how ever, is very bright in longitudinal section and is therefore markedly anisotropic. The innermost layer of all of a longitudinal bar thickening is in comparison weakly birefringent.
In spite of this discontinuity in optical properties the cellulose chains in the wall appear to run longitudinally only. This is evident both from the X-ray diagram and from major extinction position measurements. The X-ray photograph of a bundle of collenchyma strands is presented in figure 3 , plate 8. The photograph closely resembles that of sclerenchyma fibres (ramie, hemp, etc.) in being a typical cellulose fibre diagram. The chains of cellulose run longitudinally with an angular dispersion of some ± 14°. There is no sign of an orientation other than this. Major extinction positions were determined on material macerated in chromic acid and cut open as described elsewhere (Preston 1934) , so that observations could be made on single walls. There is no point in giving an extended table of detailed results since the cells are surprisingly uniform. In one repre sentative set of thirty-one cells the maximum inclination of the m.e.p. to the longitudinal was 1-5° and the minimum 0*0° with an average of 0-6° ± 0-08°. Thus the m.e.p. is to all intents longitudinal in the cell. Both X-ray determinations and extinction direction measurements thus agree in demonstrating the presence of longitudinally oriented chains of cellulose. One further point, however, must be noted. The dispersion of the cellulose chains as determined from the X-ray photograph is considerably greater than that of the major extinction position (14° as against 1-5°). This dis crepancy is certainly not to be accounted for by dispersion among the individual cells composing the bundle used for the X-ray photograph; it must reflect an angular dispersion among the micelles themselves. This is a point of extreme importance in terms of the observed optical discon tinuity of the collenchyma wall as seen in transverse section, and will be discussed later.
(2) Staining reactions and lamellation of the wall In studying the chemical nature and distribution of the non-cellulosic constituents of the wall, staining and solution tests have been made on transverse and longitudinal sections, and also on material macerated by retting in water and by treatment with 5 % chromic acid.
Both transverse and longitudinal sections treated with methylene blue as described in a previous paper (Kundu and Preston 1940) give a pro nounced staining reaction for pectic substances. The middle lamella region and outer layers of the wall are stained most deeply. The whole wall, however, contains some pectin, and the indications are that pectin-rich and pectin-poor lamellae alternate. In this we are in complete agreement with Anderson (1927) . The pectic substances of the intercellular spaces and middle lamella are easily and completely removed by solvents and the cells, now devoid of any cementing substance, become rounded off and appear isolated in transverse section. A longer treatment is required before the thickened angles of the wall are free of these substances, and as solution proceeds the lamellation of the wall becomes more pronounced. Lamellae are particularly marked in pectin-free cells subsequently treated with a swelling agent (figure 4, plate 8). In transverse sections a light blue cellulose reaction is given with iodine and zinc chloride. Lignin is entirely absent as far as can be judged by staining reactions.
After retting in water, no pectin is to be found anywhere in the walls. Iodine followed by 6 0 % sulphuric acid gives a pronounced cellulose reaction and the wall is now clearly lamellated, light blue and dark blue zones alternating throughout the whole wall thickness (figure 5, plate 8). 60 % sulphuric acid alone, however, causes immediate solution of the wall. This 'protective' action of iodine against the effect of acid is most marked in our material, though subsequent test on cotton cellulose indicated the same type of action in a smaller degree. We are not sure whether this has hitherto been pointed out.
In material macerated in chromic acid, on the other hand, pectin is still abundant and can be removed by warming in 0-5 % ammonium oxalate. The cellulose reaction is, of course, positive. Here, however, treatment with iodine and zinc chloride produce a series of most peculiar appearances ( fig. 10, plate 8) . When the macerated cells are treated with iodine first, the bulk of the wall remains unstained. Here and there, however, in the region of the bars transverse blue lines develop. In optical section they appear to commence in the outer part of the wall, but seldom reach the lumen. The blue coloration often spreads very slowly, but it is a matter of hours before the whole wall stains. When the treatment is reversed-zinc chloride first-the whole wall immediately swells and takes on a blue colour. This suggests the presence of thin places in the outer layers of the wall, readily permeated by iodine.
In all these cases, the outer and the innermost layer always behave somewhat differently from the rest of the wall lamellae. The inner layer appears to consist of cellulose comparatively free of pectin. The outer layer always appears quite distinct, and the neighbourhood of an oil duct led us to test its reaction to osmic acid. This layer does, in fact, give faint signs of darkening in this reagent, but hardly so pronounced as to allow any definite conclusion to be drawn. Swelling reactions do suggest that this layer is chemically different.
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The response of untreated material to the action of caustic potash and sulphuric acid is very similar in broad outline to that already reported for fibres (Kundu and Preston 1940; Preston 1941) . 20% potash reduces the walls to a homogeneous glassy mass, with the exception of the innermost wall layer which remains bright and distinct round each cell cavity. Appreciable swelling occurs in sulphuric acid up to 6 0 % strength, in which the cells dissolve, but again the innermost layer resists solution for a long time. The behaviour of this layer resembles that of the neighbouring parenchyma walls, except in its reaction to zinc chloride. Here only the innermost layer becomes swollen, and the cell lumen becomes obliterated. In transverse sections from which pectin has been removed, swelling takes the following form-inner lamellae swell, become folded inside the stretched outer layer, and close in upon the lumen.
In isolated cells, whether water retted or macerated in chromic acid, swelling proceeds in two distinct steps: (i) a preliminary uniform swelling of the cell as a whole, with the outer layer intact, and (ii) a further swelling after special treatment, often associated with rupture of the outer layer. The same two stages are of course invariably a feature of swelling even in the fibres, but here they are unusually pronounced.
(i) The preliminary swelling. This initial stage in swelling is accom panied by a pronounced decrease in cell length, and the wall becomes very transparent. In the w^ater-retted cells the maximum preliminary swelling seems already to have occurred. These cells are always much shorter and wider than comparative cells obtained by maceration, as the following figures will show. They represent averages of thirty cells taken from the same collenchyma strand.
Together with this swelling the cells lose their firmness; they are limp and form entangled masses quite unlike the macerated cells. In many cases the lamellae are distinct along the longitudinal bar, and appear to vary from four to seven in number. No further general swelling occurs to any marked extent in any reagent, though in zinc chloride a slight swelling may be presumed since the relatively inelastic outer layer is often thrown into folds.
Chromic macerated cells are therefore the more suitable for a study of preliminary swelling. Here, caustic potash in strengths up to 10% causes slight general swelling, but no lamellae are visible. In strengths of 20 %, however, we appear to get maximum preliminary swelling comparable in detail to that produced by retting in water. The cells are now broader and shorter and are limp. In appearance, therefore, they are indistinguishable from water-retted cells. The outer layer is often thrown into very close folds, giving the cells as a whole a pronounced wavy outline (figure 8, plate 8). Zinc chloride produces swelling of the same order, but also initiates a slow progressive solution of the wall, beginning at the outside, until after about 15 hr. the whole wall is dissolved except the innermost layer. Irrigation with iodine causes this inner layer to assume the blue coloration typical of cellulose. The inner layer thus appears to be the most resistant to zinc chloride. In sulphuric acid up to 57 % the wall swells considerably and the cells shorten. Here, however, folds develop both in outer and inner layers, indicating a more generalized resistance to swelling in sulphuric acid than in zinc chloride. This resistance of the inner layer to acid is, however, only temporary, for prolonged immersion in 57 % sul phuric acid causes almost complete obliteration of the lumen. Reaction to sulphuric acid is therefore in some respects opposite to that in zinc chloride.
Maximum preliminary swelling thus occurs in cells either (1) water retted, or macerated and treated with (2) saturated zinc chloride, (3) 2 0 % caustic potash or (4) 57|% sulphuric acid. In spite of the similarity in swelling, however, only when iodine is added to (2) or (4) does the wall appear blue. This would suggest that the similarity is merely superficial; and since we know that treatments (2) and (4) cause a swelling of the cellulose component, it might be assumed that water retting or treatment with caustic potash affects cell dimensions through changes in the pectic component. This is borne out by the fact that collenchyma bundles retted out in water without drastic separation of the cells give a typical X-ray fibre photograph of natural cellulose in spite of their limp and flabby nature.
(ii) Further swelling after pretreatment. Prolonged treatment with zinc chloride or with strengths of sulphuric acid of 60 % or more leads eventually to complete solution without deformation as a unit. While this solution is also to be classed as swelling in the chemical sense, we here prefer to limit the term to changes in volume while retaining coherence. Swelling beyond the preliminary stage occurs only if the cells are protected against the solvent action of the swelling agents. Such protection is afforded by aqueous iodine.
The type of swelling seems to depend on the nature of the outer layer. If this becomes cracked transversely the swelling takes the form of typical balloons described for cotton, hemp and other fibrous cells. If this layer cracks along a steeply spiral line swelling is continuous and takes a twisted spiral form with the split outer wall appearing as spirally wound bands. Both water-retted and macerated cells treated with iodine and immersed in zinc chloride present the former appearance. The overstretched outer layer cracks transversely or occasionally in close spirals and the swelling layers inside protrude (figure 6, plate 8). The segments of the outer layer then 'slide' down these protuberances and collect at the constrictions as transverse bands. The deep blue collar thus developed is now negatively dichroic, whereas the original segment was positively so. Pretreatment with caustic potash results in a much more swollen cell in which lamellation is beautifully clear, but the balloons eventually go into solution.
60% sulphuric acid after iodine, on the other hand, induces pre dominantly the second type of swelling reaction (figure 7, plate 8). Inner layers swell considerably and assume a deep blue coloration. This swelling results again in a series of fissures in the outer layer, which, however, this time are longitudinal or steeply spiral instead of transverse. Here again, therefore, the reactions of the wall to zinc chloride and to sulphuric acid are strongly contrasted.
B. The developing cell
Perhaps the most striking feature in which the collenchyma of Heracleum differs from sclerenchyma lies in the early stage at which wall thickening commences in cells of the former. The relevant data are summarized in table 1. Thickening, rarely seen before the two-celled stage, becomes a predominant feature after the division of the mother cells. It is from this point on that the bulk of the extension occurs (up to 2600 % of the original mother cell size). While this enormous extension is taking place, the inter node as a whole is also elongating at about the same rate (table 1), and 24-8 1275± 53 13-6 + 0-4 195 ,,
99
* T his colum n is com pleted only in th e lower p a r t o f th e table, where a num ber of cells w as m easured sufficient to allow a significant m ean to be derived.
though it is not impossible that this is associated with equal but inde pendent growth rates of both collenchyma and surrounding parenchyma, it seems far more likely that the growth rate of the collenchyma strands is conditioned by that of the parenchymatous tissue in which it is imbedded.
The collenchyma may, in fact, be extending passively under the tensions imposed upon it by the rest of the tissues in the stem. Now we know roughly how cell walls behave under such extension from studies of various cell types (Preston 1934 (Preston , 1938 (Preston , 1939 Astbury and Preston 1940) , and it should therefore not appear surprising that in adult collenchyma the cellulose chains run almost longitudinally in such a uniform manner.
Study of very young stages in development lead us to suspect that this straightening out of the molecular chains has commenced even earlier than might be anticipated. We have examined cells as early as the twocelled stage, but it is unfortunately impossible with our present technique to slit open such delicate cells without serious deformation. We can there fore not be definite upon this point. The appearance of whole cells is, however, suggestive. In macerated tissue, the wall in face view (double wall) is feebly anisotropic and in edge view more strongly so. In both cases the double refraction is positive with respect to the cell axis. In no case have we observed a cell with negative double refraction. No useful purpose would be served by presenting detailed measurements of the strength of double refraction here. The fact itself surely means that the cellulose chains in the individual walls are inclined to the longitudinal axis of the cell at angles less than 45°. While chains more nearly transverse, and perhaps completely transverse, may occur at earlier stages, or may even occur at the two-celled stage in very exceptional cases, we have never seen any cell in which we might suspect that the inclination was flatter than 4 5 %.
The walls at this young stage may provisionally be called primary.
Here again, then, we have another extending wall in which cellulose chains make a considerable angle to the transverse plane.
We may imagine this young delicate wall, consisting probably of cellulose chains running in moderately flat spirals imbedded in substances of a pectic nature, undergoing this enormous extension during which the chains are gradually pulled out into steeper and steeper spirals. Now the major part of the extension occurs long after the onset of wall thickening, and this fact again brings up the question of nomenclature in wall develop ment. It is not easy to fit collenchyma into the scheme proposed by Kerr and Bailey (1934) , in which the wall surrounding the original meristem cell, capable of extensive plastic deformation, is defined as primary while later, less extensible layers deposited after cell enlargement has ceased are denoted secondary. In collenchyma, the layers of thickening are deposited long before extension has ceased. They cannot be termed primary, for primary walls are not considered to undergo any considerable irreversible
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changes in thickness; the term secondary hardly covers them either, for they are definitely extensible, and while other cases of secondary walls are known which are suspected to undergo extension (Preston 1939), the changes in dimension involved are of an entirely different order. The nomenclature of wall morphology proposed by Kerr and Bailey is thus much too rigid to include types like collenchyma. The wall up to the twocelled stage is perhaps primary, but the thickening layers deposited after that stage are, at best, certainly not secondary, but perhaps a special case of primary. The confusion arises from the sharp line implied between extension and non-extension. Wall deposition is surely a continuous function of time, and it is by no means clear why the metabolic factors underlying deposition should change equally with those underlying cell enlargement. The cytological and ontogenetic grounds for the classification of Kerr and Bailey are clear; the physiological basis is more obscure. We clearly have to visualize not two but at least three conditions. If a cell is extending with no obvious changes in wall thickness then we may, with some justification, refer to the wall as primary; when the cell has ceased to extend, subsequent depositions are, with equal clearness, to be called secondary. This distinction covers the majority of cell types very satis factorily. But now in some cases we must visualize a condition in which the controlling metabolic factors have initiated rapid wall development without a cessation of cell enlargement, a condition which possibly occurs for a very brief period in all cells and is exaggerated in a few types like collenchyma. We feel that the necessity for this third condition requires some modification of the existing classification, and in view of the longestablished usage of the terms primary and secondary this modification should preferably involve the introduction of a third term. We suggest the term thickened primary.
D iscussion and conclusions
The wall of collenchyma cells thus consists of many well-defined con centric layers running completely round the cell. In the thickened regions these layers, as first pointed out by Anderson (1927) , are alternately cellulose-poor pectin-rich and cellulose-rich pectin-poor. The molecular chains of cellulose run almost longitudinally in all cellulose-rich layers, and this longitudinal arrangement arises as a natural consequence of the enormous elongation which the cell has undergone. This brings the collen chyma of Heracleum into line with the sclerenchyma already studied in this series. In the present case the connexion between wall structure and elongation is perhaps more clearly expressed even than in sclerenchyma, since in other cells of the same type, differing from our material only in their lower degree of elongation, the chain orientation appears to be of an entirely different type (Anderson 1927) . This universally longitudinal orientation of cellulose chains in a markedly lamellated wall is of particular interest. The layers we have called cellulose-poor are in fact so lacking in a coherent cellulose skeleton that the alternate cellulose-rich layers often fall apart when pectin is removed from the wall. They approach the cellulose-free condition, and it is therefore a point of importance that the chain orientation remains constant throughout the cellulose-rich layers. In a wall where we might expect the crossed fibrillar structure suggested for a number of cell types, the phenomenon is completely absent. Certainly the last layers laid down are bright instead of dark in transverse section under the polarizing microscope, but it seems clear that this is not a consequence of any change in the general direction of the chains. It is our experience that this layer appears only in cells from mature internodes or from internodes becoming mature, and we suspect that they are deposited after cell elongation has ceased. It would appear significant that while the m.e.p. of the whole wall (which measures the mean orientation of the cellulose micelles) varies only within narrow limits (0 0 -T 50), the dis persion indicated in the X-ray diagram is considerable ( ± 14°). These two facts suggest that the cellulose chains are dispersed symmetrically about an axis not far removed from the longitudinal, and if we assume that this angular dispersion occurs largely in the inner wall layers, then the bright ness in optical cross-section is explained. The evidence points to a greater angular dispersion in the inner wall layers, a conception which is feasible if these layers, unlike earlier ones, are not subjected to passive extension after their deposition. They would represent the condition of a layer as laid down by the cytoplasm; the more perfect alignment of chains in earlier layers would then be the result of extension. This is supported by the fact that the boundary between bright and dark layers is diffuse, as it should be if new wall material is continuously deposited during the slowing down of the elongation process. The appearance of a maltese cross on the bright layer viewed between crossed nicols suggests that the dispersion is confined to the tangential plane, and on these grounds we propose that the organization of the collenchyma wall studied here may be represented as in figure 9 . We suggest further that while, during development, change in micellar orientation is governed by change in cell dimension, the orien tation in layers already deposited is imposed on new layers either in virtue of an orienting mechanism residual in the comparatively few chains in the cellulose-poor layers, or because of a mechanism in the cytoplasmic surface itself affected by elongation.
Optical discontinuity of the present type has now been observed in a number of cell types, and in one other case (Preston 1939) is again clearly connected with changes in the angular dispersion of the constituent micelles. The same principle probably applies also to the fibres of hemp F ig u r e 9. D iag ram m atic rep resen tatio n of th e stru c tu re proposed for th e walls of Heracleum collenchym a cells. Cellulose-poor layers are blackened. In th e rest of th e w all th e cellulose m icelles are rep resen ted b y sh o rt narrow rods, and therefore in th e b u lk of th e w all (outer layers, 0 ) ap p e ar as sh o rt lines in longitudinal view and as d o ts on th e tran sv erse face. T he an g u lar dispersion in th e inner layers, i, causes th e appearance, in perspective, of v e ry m u ch sh o rtened rods on th e transverse face. T his lay er only, th erefore, is anisotropic in tran sv erse section.
(Kundu and Preston 1940) and of jute (Preston 1941) . In the former case, the arcs of 3-9 A spacing observed in the X-ray diagram of a single fibre (figures 5 and 6, plate 14, Kundu and Preston 1940) are largely confined to an angle of ± 5°, which corresponds roughly to the dispersion to be expected from the steeply spiral arrangement of the m.e.p. The arc can, however, be traced over a further + 5° (approximately), and this further dispersion can only be due to an actual angular dispersion among the cellulose micelles. In jute the condition is rendered much less clear owing to the rather wide variation of the m.e.p. from cell to cell. Here the dis persion in the X-ray photograph is fully accounted for by the dispersion i of the m.e.p. among the cells. At the least, however, we may say that the results of X-ray analysis furnish no evidence against the change in angular dispersion as suggested for hemp and for the collenchyma cells studied here, and the absence of any chains with a more or less transverse orientation again leaves us with only such a change in dispersion to account for the observed optical discontinuity in cross-section.
It is not surprising that the walls of collenchyma cells are so readily swollen in view of their high content of pectic substances. By comparison of the present cell type with sclerenchyma we may say that pectin in creases, and lignin decreases, the response of a cellulosic wall to swelling agents. The response of these pectin-rich walls to zinc chloride and to sulphuric acid is, however, somewhat peculiar. The results are summarized briefly in table 2. It is to be remembered that in the untreated cell the innermost layer differs from other layers in at least two respects. This layer is much poorer in pectin than is any other layer, and the micelles of its cellulose complex appear to have a greater angular dispersion. It seems clear that both conditions play a part in determining swelling behaviour. Sulphuric acid apparently induces such swelling of the pectic substances in the untreated and macerated cells that this overrides any specific effect of the configuration of the cellulose itself. When pectin is completely removed, however, the greater dispersion of the cellulose matrix in inner layers allows a more rapid penetration of the swelling agent and therefore a more rapid and extensive swelling. With zinc chloride this latter process prevails whether pectin is present or not, except with cells previously treated with chromic acid. In view of the fact that chromic acid is a strong oxidizing agent, which may therefore modify either the cellulose or the pectin or both, this exception would appear to be of minor importance. The low resistance to swelling of a layer whose cellulose micelles have a greater angular dispersion recalls a similar feature in the jute fibre. There lignin is readily removed from the layer in question (which this time is an outer layer, but is still probably the first layer deposited after cessation of cell elongation), and the layer is then less resistant to swelling than any other layer in the wall. This is true even if lignin is entirely absent from the rest of the wall, and is therefore a specific effect of the organization of cellulose. In the case of hemp the heavily impreg nated outer layer is difficult to free of lignin without the use of drastic methods, so that this layer remains largely resistant to swelling in spite of the angular dispersion of its constituent micelles.
Finally, in collenchyma as in the sclerenchyma of hemp and jute we have a clear and convincing case of an extending wall composed of cellulose chains oriented almost longitudinally. In view of the improbability that the chains in the walls of all collenchyma initial cells are similarly oriented, the conclusion is inescapable that during extension a change in chain orientation occurs.
The authors wish to express their indebtedness to Professor J. H. Priestley and Miss L. I. Scott for much valuable advice during the study of developmental details in Heracleum and to Dr W. T. Astbury for his stimulating criticism during the presentation of the paper. 1940 Proc. R oy. Soc. B, 128, 214. M ajum dar, G. P . 1941 Proc. Leeds P h il. L it. Soc. Sci. Sec. 4, 25. M artens, P . 1937 Cellule, 46, 357. M artens, P . 1938 . P re sto n , R . D. 1934 P h il. T rans. B, 224, 131. P resto n , R . D. 1938 Proc. R oy. Soc. B, 125, 372. P re sto n , R . D. 1939 E xplanation of plate 8 F ig u r e 2. Collenchym a of Heracleum in tran sv erse section u n der th e polarizing m icroscope, show ing th e b rig h t in n er wall layers an d th e thicker, d ark outer layers. N o te th e ch aracteristic irreg u larity in w all thickening.
F ig u r e 3. X -ra y diag ram of a bundle of collenchym a cells (bundle parallel to the longer edge of th e page). N ote th a t th e strong arcs of spacing 3-9 A and of 5-4 and 6-1 A occur on th e eq u ato r only. T here is therefore evidence of no orientation other th a n longitudinal. a s S t ; .^a a r T=r*r' -"jV r 1 (Facing p . 216) F ig u r e 4. Collenchym a in tran sv erse section a fte r rem oval of pectin. N ote th e prom inent lam ellation. ( x 650.) F ig u r e 5. C ollenchym a in tran sv erse section tre a te d w ith aqueous iodine a n d 60 % sulphuric acid. N ote th e pronounced stain in g o f a lte rn a te layers. ( x 230.) F ig u r e 6. B allooning in collenchym a tre a te d w ith iodine followed b y zinc chloride. N otice p artic u la rly on th e rig h t th e la te ra l b u rstin g of th e o u ter lay er an d th e p rotrusion of th e swelling c en tral layer. ( x 250.) F ig u r e 7. Collenchym a cells swollen in su lp h u ric acid a fte r tre a tm e n t w ith iodine. The ou ter lay er has sp lit in a steep spiral a n d sw elling is alm ost uniform . ( x 170.) The behaviour of visual purple at low tem perature 
